ABSTRACT
Introduction
Burns are one of the most widespread injuries in accidents and remain a global public health issue 1 . The burn wound is a continuous and severe threat against the rest of the body due to invasion of infectious agents, antigen challenge, and repeated additional trauma caused by wound cleaning [2] [3] [4] .
The sequence of events repairing the wound is categorized into four overlapping phases: inflammation, proliferation, tissue remodeling and scar maturation 5 . Burn wound healing involves a sequence of molecular and cellular events including inflammation, cell migration, angiogenesis, extracellular matrix synthesis, and re-epithelialization 6 .
Nutrition is a hallmark of burn care because of large wound burden and severe catabolic state that accompanies severe burn injuries. The importance of the role of nutrition in wound healing is an area that has been widely explored over the last decade [7] [8] [9] [10] .
Currently, the dietary balance of lipid has motivated several investigations. In patients with the metabolic disorders, the balance between dietary lipids may modulate oxidative stress response. The relationship between the types of polyunsaturated fatty acids feeding 11 affects the synthesis of eicosanoids that act as intermediate messengers of growth factors, controlling growth and differentiation of epithelial cells 12 .
Several experimental studies in rats have been carried out using polyunsaturated fatty acids, highlighting benefits of dietary supplementation after ultraviolet light exposure 13 or hot liquid [14] [15] .
However, this appears to be the first work that involves the simultaneous administration of omega 9 (ω-9), omega 6 (ω-6) and omega 3 (ω-3), with high ratios of ω-9:ω-6 and low ratios of ω-6:ω-3, as well as three different sources of ω-3 (ALA (alpha linolenic acid), EPA (eicosapentaenoic acid) + DHA (docosahexenoic acid) from fish oil, and DHA from algaes), to rats subjected to burning by thermal conduction.
In the present study the mixtures of oils were offered at nutraceutical concentrations with low ratio of ω-6:ω-3 and high ratio ω-9:ω-6 as presented in other biological situations [16] [17] [18] .
The hypothesis of this study are that the use of combinations containing different proportions of omega 3, 6 and 9 amino acids may have a effect in the process of cell proliferation (re-epithelialization) and oxidative stress of skin burned. It was also aimed to assess whether not only the proposed oil mixes, but what source of ω-3 would interfere in the effect.
Methods
All surgical procedures and animal handling were 
Burns
In the first day, the rats were anesthetized with an intramuscular injection of ketamine hydrochloride (90 mg/ kg) and xylazine (10 mg/kg) and immediately before inflicting the burn, the area was shaved with a standard electric shaving machine to obtain a smooth surface and hairless skin, two 10
x 10 mm squares were outlined with a sterile surgical marker on each side and along the vertebral column using a prepared template (an X-ray film with a 10 x 10 mm grid) positioned between the thoracic and abdominal limbs. The dorsal skin was surgically prepared with successive applications of 2% chlorhexidine scrub. A previously described model [19] [20] 
Histopathology
At the end of the experiments (seventh day) all animals were killed by an overdose of anesthetics (ketamine+xylazine).
Tissue samples were collected from the dorsum with a surgical blade, removing skin fragments (20 mm x 5 mm), including the central scar, adjacent healthy tissue and underlying panniculus carnosus muscle. Tissue samples were fixed in formalin for 24 hours before being transferred to 70% ethanol solution. Further processing included paraffin embedding and sectioning, to generate 5-μm-thick tissue coronal sections to be mounted on glass slides. The slides were stained using hematoxylin and eosin.
The extent of skin damage was assessed by a pathologist, who was not aware of which treatment was applied to the animals, using a light microscope (Olympus, X100).
Immunohistochemistry
Immunohistochemistry for Ki-67 (cell proliferation), NF-κB p50 (NLS) and HNE-J (lipidic peroxidation) was performed on skin tissue using the streptavidin-biotinperoxidase method in formalin-fixed, paraffin-embedded tissue sections (4 µm thick), mounted on poly-L-lysinecoated microscope slides. The sections were deparaffinized and rehydrated through xylene and graded alcohols. After antigen retrieval, endogenous peroxidase was blocked (15 min) with 3% 
Statistical analysis
After a Kolmogorov-Smirnov test of normality, data were submitted to one-way analysis of variance followed by Tukey's multiple comparison test. Parametric data were expressed as mean ± SD. The level of statistical significance was set at 5%.
Results

Microscopic analysis
On the seventh day there was smaller extension of the lesion only in the burn-Mix 3 as compared to extension observed
Quantitative analysis of immunohistochemistry
There was a higher detection (positively stained) of antibody Ki-67 antibody in burn-mix 3 group than burn-water group (p<0.05). There was however no statistical significant differences when the burn-water group was compared to other groups, see Figure 2 A and B.
There was less detection (positively stained) of antibody NF-ĸB in the Mix 3 Group than burn-water group (p<0.05). There were no significant statistical differences when the burn-water group was compared to other groups, see Figure 3 A and B.
There were no significant statistical differences in detection (positive staining) of antibodies HNE-J between the groups (p>0.05). in the burn-water group (p<0.05). There was no difference between burn-water, burn-isolipidic, burn-mix 1 and burn-mix 2 group, see Figure 1 . . Abbreviations: B+W = group burned and administered water; B+I = group burned and administered isolipdic mixture; B+M1 = group burned and administered mixture 1 of oils; B+M2 = group burned and administered mixture 2 of oils; B+M3 = group burned and managed mixture 3 of oils.
Discussion
The present study was designed to examine the effects of oils mixtures ω-9, ω-6 and ω-3, as well as which type of the ω -3 source (ALA, EPA and DHA) may influence cell proliferation and stress oxidative in rat skin burned by direct conduction.
Experimental model of burns in animals have been an essential tool for the study of the pathophysiology of skin lesions that may also occur in humans, which may help to develop new methods of treatment [24] [25] .
Burn lesions were induced by energy transfer using a copper plate in direct contact with the skin at continuous high temperature (200°C) electronically controlled, resulting in skin thermal injury of total thickness (epidermis, dermis, hypodermis and musculature) with lesion of the hair follicles and healing from the periphery to the center of the lesion. This method was used in this study due to its repeatability and uniformity 20 .
The Wistar rat was chosen because it is a small animal, enabling easy standardization with regard to age, weight, sex, housing, feeding, cleaning care and experimental manipulation. In addition, these animals have been used in various experimental models to evaluate treatment of burns [25] [26] [27] [28] [29] .
The anesthetic method proved to be satisfactory by the The present study appears to represent the first demonstration that mixtures of oils containing low ratio of ω-6 to ω-3 and high ratio of ω-9 to ω-6 with nutraceutical concentrations, evaluated in a burn model by direct conduction in rats, resulted in increased re-epithelialization and lower marking of NF-κB stain, both events observed as omega 3 source type dependent.
Currently, there is solid evidence supporting the concept that the intake of nutrients with a specific focus may improve the final results by modulating the immune, metabolic and oxidative stress response [33] [34] [35] [36] .
Western societies have a diet with a ratio ω-6:ω-3 between 15:1 and 16,7:1 17 . In general, in an American diet, individuals consume fatty acids as follows: 89% is linoleic acid (AL) whereas only 9% is ALA. However the ideal ratio ω-6:ω-3
would vary between 1: 1 and 4:1 17, 18, 37, 38 .
Marine fish oils have high ω-3 content, mostly in the form EPA and DHA 33 . Studies show that a high ratio ω-6:ω-3, such as those mentioned in the above paragraph, promotes various diseases due to the increased production of NFk-B and inflammatory factors [16] . On the other hand, increased consumption ω-3 (i.e.
with a decrease in the ratio of ω-6: ω-3) has opposite effects.
Vassiliou et al. 39 demonstrated in vitro that the oleic acid (ω-9) reduces in a dose-dependent way oxidative stress. The higher concentration of ω-9, the greater antioxidant effect.
It is known that the ω-3 fatty acid can come from different sources, therefore, in this work there were used three mixtures of oils with ω-3 different sources: Mixes 1 (ALA), mix 2 (ALA + EPA + DHA from fish), mix 3 (ALA + DHA from seaweed). A mixture of isocaloric oils, with ω-9:ω-6 ratio of 0.4:1 and ω-6:ω-3 ration of 8:1, was used as isolipidic neutral mix, as it should not promote neither anti-oxidant or anti-inflammatory action. There was also a control group that received only water (zero fat).
On the seventh day of the oil intake burned rats which To study cellular proliferation, tissue staining of the nuclear protein marker Ki-67 was used. This protein is structurally associated with chromatin to develop function in cell proliferation and is present in the G1, S, G2 and M phases of the cell cycle, and absent in the cells during G0 phase. The monoclonal antibody against Ki-67 was obtained by Gerdes et al. 40 . It reacts with a proliferating cell nuclear antigen 41 and has previously been used in an experimental model of burn showing positive correlation between cell proliferation and wound healing in burned mice 42 .
Mix 3 was the only group to show increased cell proliferation, as regard to Ki-67 tissue staining which is consistent with the results obtained by the microscopy analysis that demonstrated reduction in the burned extent.
Immunohistochemical assessment, in this study, was carried out quantitatively using the software developed specifically for morphometric study already used in other similar works [19] [20] .
This fully automated method allows absence of interference from the observer after the acquisition of the images as recommended by Dornelas 22 .
The families of ω-3 and ω-6 use the same enzyme system, competing for enzymes in common. This competition alters the entire metabolism of the production of eicosanoids, such as PG, TX and LT. The eicosanoids from the metabolism of AGPIs ω-6 are pro-inflammatory mediators, while those from the metabolism of ω-3 are anti-inflammatory. Some effects of AGPIs on immune and inflammatory systems are independent of eicosanoids generation.
Studies emphasize that the series AGPIs ω-3 affect immune functions. These acids present a suppressor effect, inhibiting the proliferation of lymphocytes, antibody production, the production of pro-Inflammatory cytokines and others nuclear transcription molecules 11, [43] [44] [45] .
One of the most important links that self-perpetuating cycle of inflammation is NF-κB. It is a nuclear transcription factor (protein family) found in all cell types consisting of five subunits that act as heterodimers and homodimers that is involved in responses to stimuli such as stress, cytokines, free radicals, ultraviolet radiation and burns 43, 46 . It acts basically as the "on/ off" switch to the cell to generate inflammatory mediators. To evaluate the antioxidant action of mixtures of oils with high ratio of ω-9:ω-6 and low ratio ω-6:ω-3 an immunohistochemical marker with the antibody anti-4-hydroxinonenal (Anti-HNE-J) was used. This antibody induces the production via lipid peroxidation of 4-hydroxinonenal, which is one of the mediators of cell death due to oxidative stress 51, 52 . On the seventh day no difference was found among mixtures. Albeit in very different circumstances, the monounsaturated fatty acid oleic acid, present in the mixes studied, present theoretical antioxidant action, especially as regard to olive oil, which is rich in polyphenols. It may be possible that an anti-oxidant effect could occur in the early hours or days post-burn, and therefore future new experiments with earlier sampling should be performed.
Conclusion
Rats received oil mix in which the source of ω3
(ALA+DHA of seaweed) showed inhibition of NF-κB, increase in cell proliferation, and reduction the extension of thermal lesion.
